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(54) PATH GENERATION SYSTEM

(67)  The presentinvention enables generating a de-
sired target travel path intended by a user or the like
without the need for various input works for the type,
width, and the like of a work machine. The present in-
vention is provided with: a travel path generation unit
which generates a target travel path (P) along which a
work vehicle is caused to travel automatically; and a ref-
erence point setting unit which, on the basis of position
information about the work vehicle when the work vehicle
has been caused to travel, sets a first reference point (A)
and a second reference point (B) for generating a first
reference line, and a third reference point (C) for setting
intervals, wherein the path generation unit generates, as
the target travel path (P), a path that includes a plurality
of parallel paths (P2) parallel to the first reference line
(P1) based on the first reference point (A) and the second
reference point (B), and sets respective intervals be-
tween the first reference line (P1) and the parallel paths
(P2) and also each interval between the parallel paths
(P2), on the basis of a distance between the second ref-

erence point (B) and the third reference point (C).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a path gener-
ation system that generates a target travel path on which
a work vehicle is cause to automatically travel.

BACKGROUND ART

[0002] The above-mentioned path generation system
is used in an automatic traveling system in which a cur-
rent position of a work vehicle is acquired using a satellite
navigation system and the work vehicle is caused to au-
tomatically travel along a target travel path generated by
the path generation system (see, for example, Patent
Document 1).

[0003] In a system described in Patent Document 1,
various types of information, such as a type, a width, or
the like of a work machine to be mounted on a work ve-
hicle, are input to a remote-control terminal, such as a
personal computer or the like, and a target travel path is
generated based on the input information. The target
travel path includes, for example, a plurality of linear
paths arranged in parallel and a plurality of connecting
paths connecting adjacent linear paths.

CITATION LIST
Patent Literature

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2016-95658

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] In the system described in Patent Document 1,
it is necessary to perform an input work of inputting var-
ious types of information, such as a type, a width, or the
like of a work machine, in order to generate a target travel
path. Therefore, when starting a work by automatic
traveling, it is necessary to perform the input work for
various types of information, and therefore, the work can-
not be started smoothly and a work efficiency is lowered.
[0006] A reference path is also generated based on a
movement locus or the like when a user or the like drives
and operates the work vehicle to cause the work vehicle
to actually travel, and a target travel path corresponding
to the reference path is generated. In this case, for ex-
ample, by generating a plurality of parallel paths arranged
in parallel to the reference path and generating a plurality
of connecting paths each connecting the reference path
and one of the parallel paths that are adjacent to each
otheror adjacentones of the parallel paths, a target travel
path including the reference path, the parallel paths, and
the connecting paths is generated.
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[0007] However, even in this case, the information,
such as the type, the width, or the like of the work ma-
chine, is required to set an interval between adjacent
ones of the parallel paths, and therefore, the user or the
like needs to input the information. Furthermore, even
when the information is input, there is a possibility that
the interval between adjacent ones of the parallel paths
cannot be set to a desired interval intended by the user
or the like.

[0008] In view of this situation, it is a main object of the
present invention to provide a path generation system
capable of generating a desired target travel path intend-
ed by a user or the like without requiring an input work
for various types of information, such as a type, a width,
or the like of a work machine.

MEANS FOR SOLVING THE PROBLEMS

[0009] A first feature configuration of the present in-
vention includes a travel path generation section that
generates a target travel path on which a work vehicle is
caused to automatically travel, and a reference point set-
ting section that sets a first reference point and a second
reference point used for generating a first reference line
and a third reference point used for setting intervals,
based on position information of the work vehicle when
the work vehicle is caused to travel, and the travel path
generation section generates, as the target travel path,
a path including a plurality of parallel paths parallel to the
first reference line based on the first reference point and
the second reference point and sets an interval between
the first reference line and one of the parallel paths and
an interval between the parallel paths, based on a dis-
tance between the second reference point and the third
reference point.

[0010] According to this configuration, when a user or
the like causes the work vehicle to travel, the first to third
reference points can be set by the reference point setting
section. The travel path generation section not only gen-
erates the plurality of parallel paths parallel to the first
reference line based on the first reference point and the
second reference point but also sets the interval between
the first reference line and one of the parallel paths and
the interval between the parallel paths, based on the dis-
tance between the second reference point and the third
reference point. Thus, even when the user or the like
does not perform an input work for various types of in-
formation, such as a type, a width, or the like of a work
device, the target travel path can be generated only by
setting the first to third reference points. Moreover, the
first to third reference points can be set when the user or
the like causes the work vehicle to travel, and therefore,
a desired target travel path having path lengths of the
parallel paths, an interval between adjacent ones of the
parallel paths, or the like that are intended by the user or
the like can be generated.

[0011] Ina second feature configuration of the present
invention, the reference point setting section sets, based
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on an operation of an operation tool provided in the work
vehicle, the first reference point, the second reference
point, and the third reference point.

[0012] According to this configuration, when the user
or the like operates the operation tool, the reference point
setting section can set the first to third reference points
in accordance with the operation. Thus, a desired target
travel path intended by the user or the like can be appro-
priately generated only by operating the operation tool
at a point intended by the user or the like, resulting in an
increase in usability.

[0013] In a third feature configuration of the present
invention, the reference point setting section sets, based
on a behavior state of the work vehicle, the first reference
point, the second reference point, and the third reference
point.

[0014] According to this configuration, the reference
point setting section can automatically set the first to third
reference points in accordance with the behavioral state
of the work vehicle, so that no operation by the user or
the like is required and the target travel path can be ap-
propriately generated while a work load on the user and
the like is reduced.

[0015] A fourth feature configuration of the present in-
vention includes a work area information acquisition sec-
tion that acquires work area information related to a work
area to which the first reference point, the second refer-
ence point, and the third reference point belong, and the
travel path generation section generates the target travel
path in a work area specified by the work area information
acquired by the work area information acquisition sec-
tion.

[0016] According to this configuration, the travel path
generation section generates the target travel path in the
work area considering not only the first to third reference
points but also the work area information related to the
work area to which the first to third reference points ac-
quired by the work area information acquisition section
belong, and therefore, can generate an appropriate tar-
get travel path that does not deviate from the work area.
Moreover, the work area information can be acquired by
the work area information acquisition section without per-
forming a work in which the user or the like registers
information, and therefore, the work load on the user or
the like can be reduced.

[0017] A fifth feature configuration of the present in-
vention includes a notification position specification sec-
tion that specifies, based on the first reference point, the
second reference point, and the work area information,
a notification position where end notification of notifying
that the work vehicle is in an approach state with respect
to an end of the work area is performed, and an end
notification control section that, in a case where the work
vehicle automatically travels, when a current position of
the work vehicle reaches the notification position, per-
forms the end notification.

[0018] According to this configuration, the notification
position specification section specifies the notification
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position where the end notification is performed based
on not only the first reference point and the second ref-
erence point but also the work area information, and
therefore, the notification position in accordance with a
situation of the work area, such as a shape of the work
area or the like, can be specified. Thus, in a case where
the work vehicle automatically travels, the end notifica-
tion control section can perform the end notification at an
appropriate notification position, so that the user or the
like can be notified that the work vehicle isin the approach
state at an appropriate timing. Therefore, the occurrence
of inconveniences, such as jumping out of the work ve-
hicle to outside of the work area or the like, can be pre-
vented.

[0019] In a sixth feature configuration of the present
invention, the reference point setting section is capable
of setting a fourth reference point used for generating a
second reference line different from the first reference
line, based on the position information of the work vehicle
when the work vehicle is caused to travel, and the travel
path generation section selects one of the first reference
line and the second reference line when a predetermined
condition is satisfied, and generates, as the target travel
path, a path including an additional path parallel to the
one of the first reference line and the second reference
line selected based on a current position of the work ve-
hicle.

[0020] According to this configuration, by setting the
fourth reference point by the reference point setting sec-
tion, the travel path generation section can select not
only the first reference line but also the second reference
line, and generate an additional path corresponding to
the first reference line or the second reference line. Thus,
an additional path corresponding to the first reference
line or an additional path corresponding to the second
reference line can be generated in accordance with var-
ious situations, such as the situation of the work area or
the like, and therefore, the work vehicle can be caused
to automatically travel in accordance with various situa-
tions without requiring various input works for a type, a
width, or the like of a work machine.

BRIEF DESCRIPTION OF DRAWINGS
[0021]

FIG. 1 is a diagram illustrating a schematic configu-
ration of an automatic traveling system.

FIG. 2 is a block diagram illustrating the schematic
configuration of the automatic traveling system.
FIG. 3 is a diagram illustrating a work area when
generating a target travel path.

FIG. 4 is a diagram illustrating the work area when
generating the target travel path.

FIG. 5 is a diagram illustrating the work area when
generating the target travel path.

FIG. 6 is a diagram illustrating the work area in a
state where the target travel path has been gener-
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ated.

FIG. 7 is a flowchartillustrating a flow of an operation
in a case where automatic traveling is performed.
FIG. 8 is a diagram illustrating a work area when
generating an additional path.

FIG. 9 is a diagram illustrating a work area in a state
where additional paths have been generated.

FIG. 10 is a flowchart illustrating a flow of an opera-
tion in a case where automatic traveling is per-
formed.

FIG. 11 is a block diagram illustrating a schematic
configuration of an automatic traveling system ac-
cording to a second embodiment.

FIG. 12is adiagramillustrating a work area in a state
where a target travel path has been generated in the
second embodiment.

FIG. 13 is a diagram illustrating a remote controller.
FIG. 14 is adiagramillustrating a work area in a state
where a target travel path has been generated in a
third embodiment.

FIG. 15 is a diagram illustrating a work area when
generating a target travel path in the third embodi-
ment.

FIG. 16 is a diagram illustrating a work area when
generating a target travel path in the third embodi-
ment.

DESCRIPTION OF EMBODIMENTS

[0022] Embodiments of an automatic traveling system
to which a path generation system according to the
present invention is applied will be described with refer-
ence to the drawings.

[First Embodiment]

[0023] As illustrated in FIG. 1, the automatic traveling
system uses a tractor 1 as a work vehicle, but the auto-
matic traveling system is applicable to, in addition to a
tractor, a passenger work vehicle, such as a passenger
rice transplanter, a combine, a passenger mower, a
wheel loader, a snowplow, or the like, and an unmanned
work vehicle, such as an unmanned mower or the like.
[0024] Asillustratedin FIG. 1and FIG. 2, the automatic
traveling system includes an automatic traveling unit 2
mounted on the tractor 1 and a mobile communication
terminal 3 communicably set to be communicate with the
automatic traveling unit 2. As the mobile communication
terminal 3, a tablet personal computer, a smartphone, or
the like having a touch-operable touch panel type display
section 51 (for example, a liquid crystal panel) or the like
can be employed.

[0025] The tractor 1 includes a traveling machine body
7 including left and right front wheels 5 functioning as
steering wheels that can be driven and left and right rear
wheels 6 that can be driven. A bonnet 8 is arranged in
front of the traveling machine body 7, and an electroni-
cally controlled diesel engine (which will be hereinafter
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referred to as an engine) 9 including a common rail sys-
tem is provided in the bonnet 8. A cabin 10 forming a
boarding-type driving unit is provided behind the bonnet
8 of the traveling machine body 7.

[0026] A rotary tilling device that is an example of a
work device 12 can be connected to a rear portion of the
traveling machine body 7 via a three-point link mecha-
nism 11 so as to move up and down and roll. In place of
the rotary tilling device, various work devices 12, such
as a mower, a plow, a sowing device, a spraying device,
or the like, can be connected to the rear portion of the
tractor 1.

[0027] Asillustrated in FIG. 2, the tractor 1 includes an
electronically controlled transmission 13 that shifts power
from the engine 9, a fully hydraulic power steering mech-
anism 14 that steers the left and right front wheels 5, left
and right side brakes (not illustrated) that brake the left
and right rear wheels 6, electronically controlled brake
operation mechanism 15 that enables hydraulic opera-
tions of the left and right side brakes, a work clutch (not
illustrated) that intermittently transmits power to the work
device 12, such as the rotary tilling device or the like, an
electronically controlled clutch operation mechanism 16
that enables a hydraulic operation of the work clutch, an
electrohydraulic control type lift drive mechanism 17 that
moves the work device 12, such as the rotary tilling device
or the like, up and down, an in-vehicle electronic control
unit 18 having various control programs related to auto-
matic driving or the like of the tractor 1, a vehicle speed
sensor 19 that detects vehicle speed of the tractor 1, a
steering angle sensor 20 that detects a steering angle of
the front wheels 5, a positioning unit 21 that measures a
current position and a current orientation of the tractor 1,
and the like.

[0028] Notethat, asthe engine 9, an electronically con-
trolled gasoline engine including an electronic governor
may be employed. As the transmission 13, a hydraulic
mechanical continuously variable transmission (HMT), a
hydrostatic continuously variable transmission (HST), a
belt type continuously variable transmission, or the like
can be employed. As the power steering mechanism 14,
an electric power steering mechanism 14 or the like in-
cluding an electric motor may be employed.

[0029] Inside the cabin 10, as illustrated in FIG. 1, a
steering wheel 38 that enables manual steering of the
left and right front wheels 5 via the power steering mech-
anism 14 (see FIG. 2), adriver’s seat 39 for a passenger,
a touch panel type display section, various operation
tools, and the like are provided.

[0030] Asillustratedin FIG. 2, the in-vehicle electronic
control unit 18 includes a transmission control section
181 that controls an operation of the transmission 13, a
braking control section 182 that controls an operation of
the left and right side brakes, a work device control sec-
tion 183 that controls an operation of the work device 12,
such as the rotary tilling device or the like, a steering
angle setting section 184 that sets target steering angles
of the left and right front wheels 5 during automatic
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traveling and outputs the target steering angles to the
power steering mechanism 14, a non-volatile in-vehicle
storage section 185 that stores a generated target travel
path P (see, for example, FIG. 6) or the like for automatic
traveling, and the like.

[0031] As illustrated in FIG. 2, the positioning unit 21
includes a satellite navigation device 22 that measures
the current position and the current orientation of the trac-
tor 1 using a global positioning system (GPS) that is an
example of a navigation satellite system (NSS), an iner-
tial measurement device (IMU) 23 that includes a 3-axis
gyroscope, a 3-direction acceleration sensor, or the like
and measures an attitude and the orientation of the trac-
tor 1 or the like, and the like. Positioning methods using
GPS include a differential GPS (DGPS) (relative posi-
tioning system), a real time kinematic GPS (RTK-GPS)
(interference positioning system), or the like. In this em-
bodiment, RTK-GPS suitable for positioning of a moving
body is employed. Therefore, as illustrated in FIG. 1 and
FIG. 2, a reference station 4 that enables positioning by
RTK-GPS is installed in a known position around a rice
field.

[0032] As illustrated in FIG. 2, the tractor 1 and the
reference station 4 include positioning antennas 24 and
61, respectively, that receive radio waves transmitted
from the positioning satellite 71 (see FIG. 1) and com-
munication modules 25 and 62, respectively, that enable
wireless communication of various types of information
including positioning information (correction information)
between the tractor 1 and the reference station 4, and
the like. Thus, in the satellite navigation device 22, based
on the positioning information obtained by the positioning
antenna 24 on a tractor side by receiving the radio waves
from the positioning satellite 71 and the positioning infor-
mation obtained by the positioning antenna 61 on a base
station side by receiving the radio waves from the posi-
tioning satellite 71 (correction information used for meas-
uring the current position of the tractor 1), the current
position and the current orientation of the tractor 1 can
be measured with high accuracy. Moreover, the position-
ing unit 21 includes the satellite navigation device 22 and
the inertial measurement device 23, and thus can meas-
ure the current position, the current direction, and the
attitude angle (yaw angle, roll angle, pitch angle) of the
tractor 1 with high accuracy.

[0033] The positioning antenna 24, the communication
module 25, and the inertial measurement device 23 pro-
vided in the tractor 1 are housed in an antenna unit 80
as illustrated in FIG. 1. The antenna unit 80 is arranged
in an upper position on a front side of the cabin 10.
[0034] Asillustrated in FIG. 2, the mobile communica-
tion terminal 3 includes a communication module 53 that
enables wireless communication of various types of in-
formation including positioning information or the like with
aterminal electronic control unit 52 having various control
programs that controls an operation of the display section
51 or the like, a communication module 25 on the tractor
side, or the like. The terminal electronic control unit 52
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includes a travel path generation section 54 that gener-
ates the target travel path P (see, for example, FIG. 6)
used for causing the tractor 1 to automatically travel and
anon-volatile terminal storage section 55 that stores var-
ious types of input information input by the user and the
target travel path P or the like generated by the travel
path generation section 54, or the like.

[0035] A method for generating the target travel path
P by the travel path generation section 54 will be de-
scribed later. The target travel path P generated by the
travel path generation section 54 can be displayed on
the display section 51 and is stored as path information
in the terminal storage section 55. The path information
includes an orientation angle of the target travel path P,
a set engine rotation speed set in accordance with a
traveling mode of the tractor 1 on the target travel path
P, a target traveling speed, or the like.

[0036] Whenthetravel path generation section 54 gen-
erates the target travel path P in the above-described
manner, the terminal electronic control unit 52 transfers
the path information from the mobile communication ter-
minal 3 to the tractor 1, so that the in-vehicle electronic
control unit 18 of the tractor 1 can acquire the path infor-
mation. The in-vehicle electronic control unit 18 can
cause the tractor 1 to automatically travel along the target
travel path P while acquiring its own current position (cur-
rent position of the tractor 1) by the positioning unit 21,
based on the acquired path information. The current po-
sition of the tractor 1 acquired by the positioning unit 21
is transmitted from the tractor 1 to the mobile communi-
cation terminal 3 in real time (for example, in a cycle of
several milliseconds), and the current position of the trac-
tor 1 is known by the mobile communication terminal 3.
[0037] In a case of performing automatic traveling of
the tractor 1, when various automatic traveling start con-
ditions are satisfied, the user operates the display section
51 via the mobile communication terminal 3 to instruct a
startof automatic traveling. The in-vehicle electronic con-
trol unit 18 receives an instruction of a start of automatic
traveling, and thus, performs automatic travel control in
which the tractor 1 is caused to automatically travel along
the target travel path P while acquiring its own current
position (current position of the tractor 1) by the position-
ing unit 21. The in-vehicle electronic control unit 18 is
configured as an automatic travel control unit that per-
forms automatic travel control in which the tractor 1 is
caused to automatically travel along the target travel path
P, based on the positioning information of the tractor 1
acquired by the positioning unit 21 using the satellite nav-
igation system.

[0038] The automatictravel controlincludes automatic
transmission control for automatically controlling an op-
eration of the transmission 13, automatic braking control
for automatically controlling an operation of the brake
operation mechanism 15, automatic steering control for
automatically steering the left and right front wheels 5,
automatic control for work for automatically controlling
an operation of the work device 12, such as arotary tilling
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device, or the like.

[0039] Inthe automatic transmission control, the trans-
mission control section 181 automatically controls an op-
eration of the transmission 13 such that the target
traveling speed set in accordance with the traveling mode
of the tractor 1 on the target travel path or the like is
obtained as the vehicle speed of the tractor 1, based on
the path information of the target travel path P including
the target travelling speed, an output of the positioning
unit 21, and an output of the vehicle speed sensor 19.
[0040] In the automatic braking control, the braking
control section 182 automatically controls an operation
of the brake operation mechanism 15 such that the left
side and right side brakes properly brake the left and right
rear wheels 6 in a braking area included in the path in-
formation of the target travel path P, based on the target
travel path P and the output of the positioning unit 21.
[0041] Inautomatic steering control, the steering angle
setting section 184 calculates and sets the target steering
angles of the left and right front wheels 5, based on the
path information of the target travel path P and the output
ofthe positioning unit21, and outputs the set target steer-
ing angles to the power steering mechanism 14 such that
the tractor 1 automatically travels on the target travel path
P. The power steering mechanism 14 automatically
steers the leftand right frontwheels 5, based on the target
steering angles and the output of the steering angle sen-
sor 20, such that the target steering angles are obtained
as the steering angles of the left and right front wheels 5.
[0042] In automatic control for work, the work device
control section 183 automatically controls operations of
the clutch operation mechanism 16 and the lift drive
mechanism 17, based on the path information of the tar-
get travel path P and the output of the positioning unit
21, such that, when the tractor 1 reaches a work start
point of the target travel path P, a predetermined work
(for example, a tilling work) by the work device 12 is start-
ed and, when the tractor 1 reaches a work end point of
the target travel path P, the predetermined work by the
work device 12 is stopped.

[0043] As escribed above, in the tractor 1, the auto-
matic traveling unit 2 is constituted by the transmission
13, the power steering mechanism 14, the brake opera-
tion mechanism 15, the clutch operation mechanism 16,
the lift drive mechanism 17, the in-vehicle electronic con-
trol unit 18, the vehicle speed sensor 19, the steering
angle sensor 20, the positioning unit 21, the communi-
cation module 25, and the like.

[0044] In this embodiment, it is possible not only to
cause the tractor 1 to automatically travel without the
user or the like boarding the cabin 10 but also to cause
the tractor 1 to automatically travel with the user or the
like boarding the cabin 10. Therefore, not only the tractor
1 can be caused to automatically travel along the target
travel path P by automatic travel control by the in-vehicle
electronic control unit 18 without the user or the like
boarding the cabin 10, but also the tractor 1 can be
caused to automatically travel along the target travel path
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P by automatic travel control by the in-vehicle electronic
control unit 18 even in a case where the user or the like
is on board the cabin 10.

[0045] In a case where the user or the like is on board
the cabin 10, an automatic traveling state where the trac-
tor 1 is caused to automatically travel by the in-vehicle
electronic control unit 18 and a manual traveling state
where the tractor 1 is caused to travel, based on an op-
eration of the user or the like, can be switched from one
to another. Therefore, it is possible to switch from the
automatic traveling state to the manual traveling state
while the tractor 1 is automatically traveling on the target
travel path P in the automatic traveling state and, con-
versely, it is possible to switch from the manual traveling
state to the automatic traveling state while the tractor 1
is traveling in the manual traveling state. As for switching
between the manual traveling state and the automatic
traveling state, for example, a switching operation unit
used for switching between the automatic traveling state
and the manual traveling state from one to another can
be provided in vicinity of the driver's seat 39, and the
switching operation unit can be displayed on the display
section 51 of the mobile communication terminal 3. Fur-
thermore, when the user operates the steering wheel 38
during automatic driving control by the in-vehicle elec-
tronic control unit 18, the automatic driving state can be
switched to the manual driving state.

[0046] Asillustrated in FIG. 1 and FIG. 2, the tractor 1
includes an obstacle detection system 100 that detects
an obstacle around the tractor 1 (traveling machine body
7) and avoids a collision with the obstacle. The obstacle
detection system 100 includes a plurality of LiDAR sen-
sors 101 and 102 capable of measuring a distance to a
measurement target in three dimensions using a laser
and a plurality of sonar units 103 and 104 including so-
nars capable of measuring the distance to the measure-
ment target using ultrasonic waves, an obstacle detection
section 110, and a collision avoidance control section
111.

[0047] The measurement targets measured by the
LiDAR sensors 101 and 102 and the sonar units 103 and
104 are objects, people, and the like. As the LiDAR sen-
sors 101and 102, afront LIDAR sensor 101 whose meas-
urement target is a front side of the tractor 1 and a rear
LiDAR sensor 102 whose measurement target is a rear
side of the tractor 1 are provided. As the sonar units 103
and 104, a right sonar unit 103 whose measurement tar-
get is aright side of the tractor 1 and a left sonar unit 104
whose measurement target is a left side of the tractor 1
are provided.

[0048] The obstacle detection section 110 is config-
ured to perform obstacle detection processing of detect-
ing a measurement target, such as an object, a person,
or the like, in a predetermined distance as an obstacle,
based on measurement information of the LiDAR sen-
sors 101 and 102 and the sonar units 103 and 104. The
collision avoidance control section 111 is configured to,
when the obstacle detection section 110 detects an ob-
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stacle, perform collision avoidance control of decelerat-
ing the tractor 1 or stopping traveling of the tractor 1. In
the collision avoidance control, the collision avoidance
control section 111 not only decelerates the tractor 1 or
stops traveling of the tractor 1 but also operates a notifi-
cation device 26, such as a notification buzzer, a notifi-
cation lamp, or the like, to notify that an obstacle exists.
In the collision avoidance control, the collision avoidance
control section 111 communicates with the mobile com-
munication terminal 3 from the tractor 1 using the com-
munication modules 25 and 53 to display the existence
of the obstacle on the display section 51 and thus can
notify that the obstacle exists.

[0049] The obstacle detection section 110 repeatedly
performs obstacle detection processing based on the
measurement information of the LIDAR sensors 101 and
102 and the sonar units 103 and 104 in real time to ap-
propriately detect obstacles, such as objects, people, or
the like. The collision avoidance control section 111 per-
forms collision avoidance control for avoiding a collision
with an obstacle detected in real time.

[0050] The obstacle detection section 110 and the col-
lision avoidance control section 111 are provided in the
in-vehicle electronic control unit 18. The in-vehicle elec-
tronic control unit 18 is communicably connected to the
electronic control unit for the engine provided in the com-
mon rail system, the LiDAR sensors 101 and 102, the
sonar units 103 and 104, or the like via a controller area
network (CAN).

[0051] Hereinafter, a method for generating the target
travel path P by the travel path generation section 54 will
be described.

The user or the like performs a driving operation to cause
the tractor 1 to travel in the work area R and thus actually
perform a work, and thus, the travel path generation sec-
tion 54 generates the target travel path P.

[0052] As illustrated in FIG. 3 to FIG. 5, in the work
area R, the tractor 1 is caused to travel by a manual
operation performed by the user or the like, and thus,
each of a point A (corresponding to a first reference
point), a point B (corresponding to a second reference
point), and a point C (corresponding to a third reference
point) is registered. As illustrated in FIG. 2, in order to
register the point A to the point C, the automatic traveling
system includes a reference point setting section 56 that
sets the point A to the point C, a manually operating-type
reference point setting operation section 57, and a be-
havior state detection section 27 that detects a behavior
state of the tractor 1. The reference point setting section
56 and the reference point setting operation section 57
are provided in the mobile communication terminal 3, and
the behavior state detection section 27 is provided in the
tractor 1.

[0053] First, asillustrated in FIG. 3 and FIG. 4, the trac-
tor 1 is caused to travel from the point A to the point B
while a work is performed by the work device 12. At this
time, the reference point setting section 56 sets the start
point of the work as the point A and the end point of the
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work as the point B, based on the operation of the refer-
ence point setting operation section 57. Although not il-
lustrated, the reference point setting operation section
57 includes an operation section for the point A, an op-
eration section for the point B, and an operation section
for the point C, the operation sections being displayed
on, for example, the display section 51 of the mobile com-
munication terminal 3. In a case where automatic driving
is performed, since the mobile communication terminal
3 is installed in the terminal holding unit or the like ar-
ranged near the driver’s seat 39, an operation tool includ-
ing the reference point setting operation section 57 in the
tractor 1 (work vehicle) is used.

[0054] The reference point setting operation section
57 is not limited to the one displayed on the display sec-
tion 51 of the mobile communication terminal 3, and var-
ious operation units can be applied. For example, the
reference point setting operation section 57 may be dis-
played on a display section of the tractor 1, or may be an
operation switch or an operation button arranged in vi-
cinity of the driver’s seat 39 of the tractor 1. As will be
described later, the remote controller 200 illustrated in
FIG. 13 can be used as the reference point setting oper-
ation section 57, and the user or the like on board the
tractor 1 can carry the reference point setting operation
section 57 (remote controller 200).

[0055] While the tractor 1 is located at a start point of
a work, when the user or the like operates the operation
section for the point A of the reference point setting op-
eration section 57, the reference point setting section 56
acquires position information (position information of the
tractor 1) of the position information of the positioning
unit 21 at the time of the operation and sets the point A
(point determined by a latitude and a longitude) in the
work area R. When the tractor 1 reaches an end point of
the work and the user or the like operates the operation
section for the point B of the reference point setting op-
eration section 57, the reference point setting section 56
sets the point B (point determined by the latitude and the
longitude) in the work are R, based on position informa-
tion (position information of the tractor 1) of the position-
ing unit 21 at the time of the operation.

[0056] Next, as illustrated in FIG. 4 and FIG. 5, the
tractor 1 is caused to turn from the point B to the point C
without performing the work by the work device 12, and
the work by the work device 12 is started at the point C.
Also at this time, the reference point setting section 56
sets a next work start point as the point C, based on the
operation of the reference point setting operation section
57. When the tractor 1 reaches the next work start point
and the user or the like operates the operation section
for the point C of the reference point setting operation
section 57, the reference point setting section 56 sets
the point C (point determined by the latitude and the lon-
gitude) in the work area R, based on position information
(position information of the tractor 1) of the positioning
unit 21 at the time of the operation.

[0057] As described above, the reference point setting
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section 56 acquires the position information of the tractor
1 by the positioning unit 21 in accordance with an oper-
ation timing of the reference point setting operation sec-
tion 57 and sets each of the point A, the point B, and
point C in the work area R. The reference point setting
section 56 causes the in-vehicle storage section 185 to
store set information of the point A to the point C.
[0058] Even without performing an operation of the ref-
erence point setting operation section 57, the reference
point setting section 56 can acquire the position informa-
tion of the tractor 1 by the positioning unit 21, based on
detection information of the behavior state detection sec-
tion 27, and automatically set each of the point A, the
point B, and the point C in the work area R.

[0059] In a case where the tractor 1 starts a work by
the work device 12, the lift drive mechanism 17 moves
the work device 12 up and down to a work height and
the clutch operation mechanism 16 turns on the work
clutch. In a case where the tractor 1 terminates the work
by the work device 12, the lift drive mechanism 17 moves
the work device 12 up and down to a non-working height
different from the working height and the clutch operation
mechanism 16 turns off the work clutch. Thus, by detect-
ing a change in operation states of the clutch operation
mechanism 16 and the lift drive mechanism 17, a work
start point at which the tractor 1 started the work by the
work device 12 and a work end point at which the tractor
1 terminated the work by the work device 12 can be
known.

[0060] The behavior state detection section 27 detects
various behaviors in the tractor 1, such as the operation
states of the clutch operation mechanism 16, the lift drive
mechanism 17, or the like. The reference point setting
section 56 monitors a change in behavior, based on the
detection information of the behavior state detection sec-
tion 27, a work start point is specified by the existence
of the change in behavior corresponding to a start of a
work (changes in the operation states of the clutch op-
eration mechanism 16 and the lift drive mechanism 17),
and a work end point is specified by the existence of a
change in behavior corresponding to an end of the work.
[0061] First, when the reference point setting section
56 specifies a work start point based on the detection
information of the behavior state detection section 27,
the reference point setting section 56 sets the point A in
the work area R, based on position information (position
information of the tractor 1) of the positioning unit 21 at
the specified point. Next, when the reference point setting
section 56 specifies a work end point, based on the de-
tection information of the behavior state detection section
27, the reference point setting section 56 sets the point
B in the work area R, based on position information of
the positioning unit 21 at the specified point. Next, when
the reference point setting section 56 specifies a work
start point, based on the detection information of the be-
havior state detection section 27, the reference point set-
ting section 56 sets the point C in the work area R, based
on position information of the positioning unit 21 at the
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specified point.

[0062] As described above, when the reference point
setting section 56 sets the point A to the point C in the
work area R, based on the operation of the reference
point setting operation section 57 or the detection infor-
mation of the behavior state detection section 27, the
travel path generation section 54 generates the target
travel path P, based on the point A to the point C.
[0063] Whenthetravel path generation section 54 gen-
erates the target travel path P, a work area information
acquisition section 58 (see FIG. 2) acquires work area
information regarding the work area R to which the point
A to the point C belong. The work area information in-
cludes, for example, identification information that spec-
ifies the work area R, position information of the work
area R, and shape information of the work area R. An
external management device (database) manages the
work area information in each of the plurality of work ar-
eas R. For example, the management device acquires
work area information from map information or the like
stored in a database or the like, acquires work area in-
formation from measurementinformation or the like when
the shape of the work area is measured, and acquires
work area information in each of the plurality of work ar-
eas R using various other methods, thereby performing
management.

[0064] The work area information acquisition section
58 communicates the position information in each of the
point A to the point C to the management device via a
communication device or the like, and the management
device specifies the work area R that belongs to the point
A to the point C among the plurality of work areas R,
based on the position information in each of the point A
to the point C. The management device communicates
the work area information related to the specified work
area R to the work area information acquisition section
58 via a communication device or the like. In the manner
described above, the work area information acquisition
section 58 acquires the work area information related to
the work area R to which the point A to the point C belong.
[0065] Incidentally, in a case where there is no work
area R to which the position information in each of the
point A to the point C communicated by the work area
information acquisition section 58 belongs, the manage-
ment device communicates a registration error of the
point A to the point C to the work area information acqui-
sition section 58. Thus, the work area information acqui-
sition section 58 causes the display section 51 or the like
to display the registration error of the point A to the point
C to notify the user or the like of the registration error. In
a case of this registration error, the point A to the point
C will be registered again.

[0066] As illustrated in FIG. 6, the travel path genera-
tion section 54 generates, as the target travel path P, a
path including a plurality of parallel paths P2 parallel to
a first reference line P1 based on the point A and the
point B in the work area R specified by the work area
information acquired by the work area information acqui-
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sition section 58 and sets intervals between the first ref-
erence line P1 and one of the parallel paths P2 and be-
tween the parallel paths P2, based on adistance between
the point B and the point C. The travel path generation
section 54 generates a straight line connecting the point
A and the point B as the first reference line P1. The first
reference line P1 can be stored in the in-vehicle storage
section 185 as thefirstreference path on which the tractor
1 is caused to automatically travel. The travel path gen-
eration section 54 provides a plurality of paths having a
same length as or substantially a same length as that of
the first reference line P1 in parallel with intervals each
corresponding to the distance between the point B and
the point C therebetween in a direction along a straight
line connecting the point B and the point C, and thus,
generates the plurality of parallel paths P2 that extend
to a goal point G in a state where the parallel paths cover
the entire work area R. The plurality of parallel paths P2
are paths on which a predetermined work is performed
while the tractor 1 is caused to automatically travel.
[0067] As illustrated in FIG. 6, the travel path genera-
tion section 54 generates connecting paths P3 in addition
to the parallel paths P2. The travel path generation sec-
tion 54 generates the plurality of connecting paths P3
that connect adjacent ones of the parallel paths P2 to
each other. The connecting paths P3 are paths on which
a work is not performed and a traveling direction of the
tractor 1 is changed.

[0068] As described above, the travel path generation
section 54 generates the plurality of parallel paths P2
and the plurality of connecting paths P3, and thus, can
generate the target travel path P on which the tractor 1
performs a predetermined work while traveling back and
forth on the plurality of parallel paths P2. Therefore, even
when the user or the like does not perform the input work
ofinputting various types of information, such as the type,
the width, or the like of the work device 12, the target
travel path P can be generated only by registering the
point A to the point C. Moreover, each of the point A to
the point C can be set to a point corresponding to an
actual work by a manual operation by the user or the like,
and a desired target travel path P can be generated such
that the path length of each of the parallel paths P2, the
intervals between the adjacent ones of the parallel paths
P2, or the like are as intended by the user or the like.
[0069] Whenthetravel path generation section54 gen-
erates the target travel path P, the terminal electronic
control unit 52 transfers path information from the mobile
communication terminal 3 to the tractor 1, so that the in-
vehicle electronic control unit 18 of the tractor 1 acquires
the path information. Thus, the in-vehicle electronic con-
trol unit 18 can cause the tractor 1 to automatically travel
along the target travel path P while acquiring its own cur-
rent position (current position of the tractor 1) by the po-
sitioning unit 21, based on the acquired path information.
The current position of the tractor 1 acquired by the po-
sitioning unit 21 is transmitted from the tractor 1 to the
mobile communication terminal 3 in real time (for exam-
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ple, in a cycle of several milliseconds), and the current
position of the tractor 1 is known by the mobile commu-
nication terminal 3. For example, during automatic
traveling of the tractor 1, a deviation (deviation in a lateral
direction) between the current position of the tractor 1
and the target travel path P in a direction orthogonal to
the traveling direction on the target travel path P is dis-
played on the display section 51 of the mobile commu-
nication terminal 3 or the display section of the tractor 1.
Therefore, during automatic traveling of the tractor 1, the
user or the like can grasp how much the position of the
tractor 1 is shifted with respect to the target travel path P.
[0070] Aflowofanoperationinacase where automatic
traveling is performed will be described with reference to
aflowchart of FIG. 7. First, as illustrated in FIG. 3 to FIG.
5, the tractor 1 is caused to travel in the work area R by
a manual operation by the user or the like to actually
perform a work, and registration (setting) of the point A
to the point C by the reference point setting section 56
is performed (Step #1, Step #2). The work area informa-
tion acquisition section 58 acquires the work area infor-
mation of the work area R to which the point A to the
point C belong, based on registration information (posi-
tion information) of the point A to the point C, and the
travel path generation section 54 generates the target
travel path P including the plurality of parallel paths P2
and the plurality of connecting paths P3, as illustrated in
FIG. 6 (Step #3 and Step #4).

[0071] When various automatic traveling start condi-
tions are satisfied and the user operates the display sec-
tion 51 via the mobile communication terminal 3 to in-
struct a start of automatic traveling, the in-vehicle elec-
tronic control unit 18 performs automatic travel control in
which the tractor 1 is caused to automatically travel along
the target travel path P in the work area R, based on the
position information of the tractor 1 acquired by the po-
sitioning unit 21 using the satellite navigation system, as
illustrated in FIG. 6 (in a case of YES in Step #5, Step #6).
[0072] In automatic travel control, the in-vehicle elec-
tronic control unit 18 causes the tractor 1 to linearly travel
in an automatic manner along each of the plurality of
parallel paths P2 such that a work by the work device 12
is started at each start position P2a of the plurality of
parallel paths P2 and the work by the work device 12 is
terminated at each end position P2b of the plurality of
parallel paths P2. Regarding the connecting paths P3,
the in-vehicle electronic control unit 18 causes the tractor
1 to automatically turn along each of the plurality of con-
necting paths P3 such that a work by the work device 12
is not performed. The in-vehicle electronic control unit 18
causes the tractor 1 to automatically travel continuously
from the parallel path P2 to the connecting path P3 and
then automatically travel continuously from the connect-
ing path P3 to the parallel path P2 to reach the goal point
G.

[0073] As described above, the in-vehicle electronic
control unit 18 causes the tractor 1 to automatically travel
also on the connecting path P3, but the tractor 1 may be
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caused to travel by a manual operation by the user or
the like on the connecting paths P3. In this case, when
an automatic operation is switched to a manual operation
at the end position P2b of the parallel path P2, various
automatic traveling start conditions, such as a condition
in which the orientation of the tractor 1 in the traveling
direction and an orientation of an extension direction of
the parallel path P2 are in a predetermined range, or the
like, are satisfied, and a start of automatic traveling is
instructed, the manual operation is switched to an auto-
matic operation and the tractor 1 is caused to automati-
cally travel along the next parallel path P2. In a case
where a manual operation is performed, the current po-
sition of the tractor 1 and the parallel path P are super-
imposed and displayed on the display section 51 of the
mobile communication terminal 3 or the display section
of the tractor 1, and thus, the tractor 1 that is to be man-
ually operated can be guided toward the parallel path P2.
As described above, in a case where the tractor 1 is man-
ually operated on the connecting paths P3, the travel
path generation section 54 can generate only the parallel
paths P2 without generating the connecting paths P3.
[0074] When the work in the work area R is completed
and a setting information erasing condition is satisfied,
the in-vehicle electronic control unit 18 erases setting
information of the point A to the point C stored in the in-
vehicle storage section 185. Thus, the point A to the point
C in the next work area R can be registered. Various
conditions, such as, forexample, a condition in which the
tractor 1 has moved out of the work area R, a condition
in which a set time has elapsed since an end of automatic
traveling, or the like, can be set as the setting information
erasing condition.

[0075] During automatic traveling, in order to prevent
the tractor 1 from jumping out of the work area R, the
user or the like is notified of an approach state where the
tractor 1 has come close to an end of the work area R or
the like. As illustrated in FIG. 2, the automatic traveling
system includes a notification position specification sec-
tion 59 that specifies a notification position where end
notification of notifying of the approach state with respect
to an end of the work area R, based on the point A, the
point B, and the work area information acquired by the
work area information acquisition section 58, and an end
notification control section 186 that, in a case where the
tractor 1 automatically travels, when the current position
of the tractor 1 reaches the notification position, performs
end notification.

[0076] The notification position specification section 59
is provided in the mobile communication terminal 3 and,
as illustrated in FIG. 6, specifies the end position P2b in
each of the plurality of parallel paths P2 as the notification
position, based on the position information of the point A
and the point B. For example, the notification position
specification section 59 can specify the same positions
as the point A and the point B as the notification positions
on the parallel paths P2. The notification position speci-
fication section 59 can also specify, in addition to or in-
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stead of the end position P2b, a position located close
to an end of the work area R, that is, a position located
at a set distance from the end of the work area R, as the
notification position, based on the work area information
(specifically, position information of the end of the work
area R). The notification position specification section 59
can specify the end position P2b of the parallel path P2
and the position located close to the end of the work area
R, that is, the position located at the set distance from
the end of the work area R, as the notification positions,
and the user or the like can select specifying one of the
positions as the notification position or specifying both
the positions as the notification positions.

[0077] As described above, since the notification po-
sition specification section 59 specifies the notification
position, in automatic travel control in which the tractor
1is caused to automatically travel, when it is determined
based on the positioning information of the tractor 1 ac-
quired by the positioning unit 21 using the satellite nav-
igation system that the current position of the tractor 1
has reached the notification position (for example, the
end position P2b), the end notification control section 186
operates the notification device 26 and performs end no-
tification to notify the user or the like of the approach state
where the tractor 1 has come close to the end of the work
area R. In end notification, for example, various notifica-
tions, such as a voice, lighting of an alarm lamp, an op-
eration of an alarm buzzer, or the like indicating that the
tractor 1 is in the approach state, can be performed by
the notification device 26. In the end notification, not only
the notification device 26 of the tractor 1 is operated, but
also the approach state can be notified in the mobile com-
munication terminal 3 by causing the display section 51
of the mobile communication terminal 3 to display that
the tractor 1 is in the approach state.

[0078] As the end notification control section 186 per-
forms end notification, the in-vehicle electronic control
unit 18 can also stop traveling of the tractor 1. As de-
scribed above, by stopping traveling of the tractor 1, it is
possible to appropriately prevent the tractor 1 from jump-
ing out of the work area R.

[0079] Asillustrated in FIG. 8, the reference point set-
ting section 56 is configured to set a point D (correspond-
ing to a fourth reference point) in addition to the point A
tothe point C. The point D is used for generating a second
reference line P4 different from the first reference line P1
and, similar to the point A to the point C, the reference
point setting section 56 sets the point D in the work area
R by acquiring the positional information of the tractor 1
by the positioning unit 21, based on an operation of the
reference point setting operation section 57 or the detec-
tion information of the behavior state detection section
27, and using the acquired position information as posi-
tion information of the point D.

[0080] In a case where the point D is set based on the
detection information of the behavior state detection sec-
tion 27, the traveling direction of the tractor 1 is changed
to a direction different from the parallel path P2 or auto-
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matic traveling of the tractor 1 is terminated to stop
traveling of the tractor 1 by terminating the automatic
traveling at the point D, and therefore, based on the de-
tection information of the behavior state detection section
27, an automatic traveling end point can be specified by
specifying that the traveling direction of the tractor 1 has
been changed to a direction different from the parallel
path P2 or that automatic traveling of the tractor 1 is ter-
minated to stop traveling of the tractor 1.

[0081] Whenthereference pointsetting section 56 sets
the point D, the travel path generation section 54 gener-
ates a second reference line P4 connecting the point D
to the point A or the point B. One of a straight line con-
necting the point D and the point A and a straight line
connecting the point D and the point B whose angle at
which the straight line intersecting the first reference line
P1 is closer to 90 degrees is defined as the second ref-
erence line P4. In an example illustrated in FIG. 8, for
example, the straight line connecting the point D and the
point A is orthogonal to the first reference line P1, and
thus, the second reference line P4 connecting the point
D and the point A is generated. The second reference
line P4 may be any straight line connecting the point D
to the point A or the point B, is not limited to the straight
line orthogonal to the first reference line P1, and may be
obliquely intersects the first reference line P1.

[0082] As illustrated in FIG. 9, the travel path genera-
tion section 54 selects one of the first reference line P1
and the second reference line P4 when a predetermined
condition is satisfied and generates, as a target travel
path P, a path including, in addition to the first reference
line P1, the plurality of parallel paths P2, and the plurality
of connecting paths P3, additional paths P5 and P6 ex-
tending parallel to the selected one of the reference lines
P1 and P4, based on the current position of the tractor
1. For example, the additional paths P5 and P6 can be
generated to cause the tractor 1 to automatically travel
in a peripheral area around a central area of the work
area R where the first reference line P1 and the plurality
of parallel paths P2 are generated.

[0083] In an example illustrated in FIG. 9, for the ad-
ditional paths P5 and P6, a work order of (1) to (8) is
illustrated, and description will be added according to the
work order. (1) After reaching the point D, when the trac-
tor 1 is manually operated and moves downward in FIG.
9 and the orientation of the tractor 1 in the traveling di-
rection and an orientation in an extension direction of the
second reference line P4 are in a predetermined range,
a predetermined condition is satisfied. Thus, the travel
path generation section 54 selects the second reference
line P4 and generates an additional path P6 of the work
order (1) parallel to the second reference line P4, and
the in-vehicle electronic control unit 18 causes the tractor
1 to automatically travel along the additional path P6 of
the work order (1).

[0084] Description will be hereinafter given on how to
generate the additional path P6. Incidentally, the addi-
tional paths P5 and P6 are generated in similar manners,
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and therefore, description thereof will be omitted in (2)
to (8). The travel path generation section 54 sets a start
position of the additional path P6 using, as a reference,
the position of the tractor 1 when the predetermined con-
dition is satisfied and generates the additional path P6
such that an end position P6a of the additional path P6
is the same or substantially the same as an end position
(point A or point D) of the second reference line P4 that
has been selected and is parallel to the additional path
P6.

[0085] For example, in FIG. 9, when the tractor 1 is
moving to the same position as the point D in a left-right
direction, the orientation of the tractor 1 in the traveling
direction and the orientation in the extension direction of
the second reference line P4 are in the predetermined
range. Thus, the start position of the additional path P6
is set using the position of the tractor 1 then as a refer-
ence, and the end position P6a of the additional path P6
is setas the end position (point A) of the second reference
line P4 on an opposite side to a side where the tractor 1
is located (point A). Accordingly, the additional path P6
having the same length as that of the second reference
line P4 is generated.

[0086] Incontrast, in FIG. 9, while the tractor 1 is mov-
ing in a further right side of the point D, when the orien-
tation of the tractor 1 in the traveling direction and the
orientation in the extension direction of the second ref-
erence line P4 are in the predetermined range, the start
position of the additional path P6 is set using the position
of the tractor 1 then as a reference. Accordingly, the ad-
ditional path P6 having a length longer than that of the
second reference line P4 is generated. On the other
hand, in FIG. 9, while the tractor 1 is moving in a further
left side of the point D, when the orientation of the tractor
1 in the traveling direction and the orientation in the ex-
tension direction of the second reference line P4 are in
the predetermined range, the start position of the addi-
tional path P6 is set using the position of the tractor 1
then as a reference, and therefore, the additional path
P6 having a length shorter than that of the second refer-
ence line P4 is generated.

[0087] (2)After the automatic traveling on the addition-
al path P6 in the work order (1) is completed, when the
tractor 1 is manually operated and moves downward in
FIG. 9 and the orientation of the tractor 1 in the traveling
direction and the orientation in the extension direction of
the second reference line P4 are in the predetermined
range, the predetermined condition is satisfied. Thus, the
travel path generation section 54 selects the second ref-
erence line P4 and generates the additional path P6 of
the work order (2) parallel to the second reference line
P4, and the in-vehicle electronic control unit 18 causes
the tractor 1 to automatically travel along the additional
path P6 of the work order (2).

[0088] (3)After the automatic traveling on the addition-
al path P6 in the work order (2) is completed, when the
tractor 1 is manually operated and moves upward in FIG.
9 and the orientation of the tractor 1 in the traveling di-
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rection and the orientation in the extension direction of
the first reference line P1 are in a predetermined range,
a predetermined condition is satisfied. Thus, the travel
path generation section 54 selects the firstreference line
P1 and generates the additional path P5 in the work order
(3) parallel to the first reference line P1. Therefore, the
in-vehicle electronic control unit 18 causes the tractor 1
to automatically travel along the additional path P5 of the
work order (3).

[0089] Regarding (4) to (8), except that the selected
reference line is different, similar operations to those in
(2) and (3) or the like are performed, and therefore, de-
scription thereof will be omitted.

[0090] Aflow ofanoperationinacase where automatic
traveling is performed on the additional paths P5 and P6
illustrated in FIG. 9 will be described with reference to a
flowchart of FIG. 10. Incidentally, as illustrated in the flow-
chart of FIG. 7, the automatic traveling on the additional
paths P5 and P6 is performed following the automatic
traveling to the point D on the plurality of parallel paths
P2 and the plurality of connecting paths P3.

[0091] Asillustratedin FIG. 9, whenthetractor 1 reach-
es the point D and the work by the work device 12 is
completed, the reference point setting section 56 per-
forms registration (setting) of the point D (Step #11). The
travel path generation section 54 generates the second
reference line P4, based on registration information (po-
sition information) of the point D (Step #12).

[0092] After reaching the point D, the tractor 1 is man-
ually operated by a manual operation by the user or the
like and, during this manual operation, the travel path
generation section 54 determines whether the predeter-
mined condition is satisfied (Step #13, Step #14). The
predetermined condition is set to be a condition in which
the orientation of the tractor 1 in the traveling direction
and the orientation in the extension direction of the ref-
erence line (the orientation in the extension direction of
the first reference line P1 or the orientation in the exten-
sion direction of the second reference line P4) are in a
predetermined range. Incidentally, the orientation of the
tractor 1 in the traveling direction can be acquired from
the measurement information of the positioning unit 21,
and the orientation in the extension direction of the ref-
erence line can be acquired from the position information
of the first reference line P1 and the second reference
line P4.

[0093] When the predetermined condition is satisfied,
the travel path generation section 54 selects one of the
first reference line P1 and the second reference line P4
in accordance with which one of the first reference line
P1 or the second reference line P4 the predetermined
condition is satisfied (Step #15). The travel path gener-
ation section 54 generates the additional paths P5 and
P6 parallel to the reference line selected based on the
current position of the tractor 1 (Step #16). Incidentally,
in a case where the predetermined condition is satisfied
for both the first reference line P1 and the second refer-
ence line P4, one of the reference lines which has a small-
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er deviation between the orientation of the tractor 1 in
the traveling direction and the orientation in the extension
direction of the reference line is selected.

[0094] Whenthetravel path generation section 54 gen-
erates the additional paths P5 and P6, the terminal elec-
tronic control unit 52 transfers path information related
to the additional paths P5 and P6 from the mobile com-
munication terminal 3 to the tractor 1, and thus, the in-
vehicle electronic control unit 18 acquires the path infor-
mation. Thus, when various automatic traveling start con-
ditions are satisfied and the user operates the display
section 51 to instruct a start of automatic traveling in the
mobile communication terminal 3, the in-vehicle electron-
ic control unit 18 performs automatic travel control for
causing the tractor 1 to automatically travel along the
additional paths P5 and P6 while acquiring the current
position (current position of the tractor 1) of itself by the
positioning unit 21, based on the acquired path informa-
tion (Step #17).

[0095] In the automatic travel control then, the tractor
1is causedtolinearly travel in an automatic manner along
the additional paths P5 and P6 such that the in-vehicle
electronic control unit 18 starts the work by the work de-
vice 12 and terminates the work by the work device 12
at the end positions P5a and P6a of the additional paths
P5 and P6. Because the tractor 1 is manually operated
when the work by the work device 12 is started, the work
by the work device 12 can be also started by a manual
operation by the user or the like.

[0096] As described above, the tractor 1 is manually
operated until the predetermined condition is satisfied
and, when the predetermined condition is satisfied and
the additional paths P5 and P6 are generated, the tractor
1 is caused to automatically travel along the additional
paths P5 and P6 (Step #13 to Step #17), and the above-
described operations are repeated until the work in the
work area R is completed (in a case where No is deter-
mined in step #18). When an operation end condition,
such as a condition in which the tractor 1 moves out of
the work area R, or the like, is satisfied, the in-vehicle
electronic control unit 18 determines that the work in the
work area R is completed.

[0097] Eveninacase where the tractor 1 automatically
travels on the additional paths P5 and P6, similar to the
above-described case, in order to prevent the tractor 1
from jumping out of the work area R, the user or the like
is notified of the approach state where the tractor 1 has
come close to an end of the work area R or the like. As
illustrated in FIG. 9, the notification position specification
section 59 specifies the end positions P5a and P6a on
the additional paths P5 and P6 as the notification posi-
tions, based on the position information of the additional
paths P5 and P6. For example, in a case where the ad-
ditional path P5 is generated, the notification position
specification section 59 specifies the end position P5a
that is the same position as the point A or the point B as
the notification position on the additional path P5 and, in
a case where the additional path P6 is generated, the
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notification position specification section 59 specifies the
end position P6a that is the same position as the point A
or the point D as the notification position on the additional
path P6. The notification position specification section 59
can also specify a position close to an end of the work
area R, thatis, a position located at the set distance from
the end of the work area R, as the notification position,
based on work area information (specifically, the position
information of the end of the work area R) in addition to
or instead of the end positions P5a and P6a on the ad-
ditional paths P5 and P6.

[0098] Because the notification position specification
section 59 specifies the notification position, in automatic
travel control in which the tractor 1 is caused to automat-
ically travel along the additional paths P5 and P6, when
the end notification control section 186 determines that
the current position of the tractor 1 has reached the no-
tification position (for example, the end positions P5a and
P6a), the end notification control section 186 operates
the notification device 26 to perform end notification and
notifies the user or the like of the approach state where
the tractor 1 has come close to an end of the work area
R or the like. In a case where the end positions P5a and
P6a on the additional paths P5 and P6 are set as the
notification positions, the user or the like can recognize
that the automatic traveling on the additional paths P5
and P6 is terminated by the operation of the notification
device 26, and therefore, itis possible to smoothly switch
from automatic traveling to manual traveling. Further, in
a case where the position located close to an end of the
work area R, that is, the position located at the set dis-
tance from the end of the work area R, is set as the no-
tification position, the in-vehicle electronic control unit 18
can also continuously cause the tractor 1 to automatically
travel until the tractor 1 reaches the notification position
without terminating automatic traveling of the tractor 1
even when the tractor 1 has reached the end positions
P5a and P6a of the additional paths P5 and P6.

[0099] As illustrated in FIG. 9, not only it is enabled by
registering the point A to the point C to perform the work
on the central area of the work area R by automatic
traveling of the tractor 1, but also it is enabled by regis-
tering the point D to perform the work on the peripheral
area around the central area by the automatic traveling
of the tractor 1, so that the work of the work area R can
be efficiently performed. In FIG. 9, for four corner areas
of the work area R, for example, the work can be per-
formed by a manual operation of the tractor 1 by a manual
operation by the user or the like, following the automatic
traveling on the additional paths P5 and P6.

[Second Embodiment]

[0100] A second embodiment illustrates another em-
bodiment of the first embodiment, a different configura-
tion from that of the first embodiment will be mainly de-
scribed, a similar component to a corresponding compo-
nent of the first embodiment will be denoted by the same
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reference numeral as that of the corresponding compo-
nent in the first embodiment, and therefore, description
thereof will be omitted.

[0101] In the second embodiment, unlike the first em-
bodiment, the mobile communication terminal 3 is not
provided, and as illustrated in FIG. 11, the travel path
generation section 54, the reference point setting section
56, the notification position specification section 59, and
the like are provided in the in-vehicle electronic control
unit 18. As illustrated in FIG. 11 and FIG. 13, a remote
controller 200 that can be carried by a user or the like is
provided as the reference point setting operation section
57. The remote controller 200 is configured to freely com-
municate various types of information with the in-vehicle
electronic control unit 18 of the tractor 1 via communica-
tion modules 25 and 206 and the like. As illustrated in
FIG. 13, the remote controller 200 includes an operation
section 201 for the point A used for registering the point
A, an operation section 202 for the point B used for reg-
istering the point B, an operation section 203 for the point
C used for registering the point C, and a circular-shaped
operation section 204 for AUTO used for instructing the
automatic traveling. A ring-shaped display portion 205
having light emitting portions, such as a plurality of LEDs
or the like, is provided around the circular-shaped oper-
ation section 204 for AUTO, and the display portion 205
is configured to be freely switched to a plurality of display
forms by making lighting states of the plurality of light
emitting portions different from each other.

[0102] A method for generating the target travel path
P by the travel path generation section 54 in the second
embodiment will be described. Similar to the first embod-
iment, the travel path generation section 54 generates
the target travel path P when the user or the like performs
a driving operation to cause the tractor 1 to travel in the
work area R and to actually perform the work.

[0103] As illustrated in FIG. 3 to FIG. 5, the reference
point setting section 56 registers each of the point A, the
point B, and the point C, based on an operation of the
remote controller 200 (see FIG. 13) by causing the tractor
1 to travel by a manual operation by the user or the like
in the work area R. For example, when the operation
section 201 for the point A of the remote controller 200
is operated, the reference point setting section 56 ac-
quires the position information (position information of
the tractor 1) of the positioning unit 21 at an operation
point to set the point A (a point determined by the latitude
and the longitude) in the work area R. Similarly, for the
point B and the point C, the reference point setting section
56 also sets the point B and the point C (points deter-
mined by the latitude and the longitude), based on an
operation of the operation section 202 for the point B of
the remote controller 200 and an operation of the oper-
ation section 203 for the point C of the remote controller
200. Incidentally, similar to the first embodiment, the ref-
erence point setting section 56 can acquire the position
information of the tractor 1 by the positioning unit 21,
based on the detection information of the behavior state
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detection section 27, and can automatically set each of
the pointA, the point B, and the point C in the work area R.
[0104] Whenthereference pointsetting section 56 sets
the point A to the point C in the work area R, based on
the operation of the remote controller 200 or the detection
information of the behavior state detection section 27,
the travel path generation section 54 generates the target
travel path P, based on the point A to the point C.
[0105] In the first embodiment, when the travel path
generation section 54 generates the target travel path P,
the work area information acquisition section 58 acquires
the work area information related to the work area R to
which the point A to the point C belong, whereas, in the
second embodiment, the work area information acquisi-
tion section 58 is not provided and the travel path gen-
eration section 54 generates the target travel path P as
illustrated in FIG. 12 without acquiring the work area in-
formation.

[0106] As illustrated in FIG. 12, the travel path gener-
ation section 54 generates, as the target travel path P, a
path including the plurality of parallel paths P2 parallel
to the first reference line P1 based on the point A and
the point B and sets intervals between the first reference
line P1 and one of the parallel paths P2 and between the
parallel paths P2, based on the distance between the
point B and the point C. The travel path generation sec-
tion 54 generates a straight line connecting the point A
and the point B as the first reference line P1. The travel
path generation section 54 generates a set number of
parallel paths P2 by arranging a plurality of paths having
the same length or substantially the same length as that
of the first reference line P1 with an interval correspond-
ing to the distance between the point B and the point C
therebetween in a direction along a straight line connect-
ing the point B and the point C. The parallel paths P2 are
paths on which a predetermined work is performed while
the tractor 1 is caused to automatically travel.

[0107] In the second embodiment, because the work
area information is not acquired, the travel path genera-
tion section 54 generates the setnumber of parallel paths
P2 (for example, 10 parallel paths in FIG. 12) regardless
of the position and the shape of the work area R. Then,
the travel path generation section 54 generates the con-
necting paths P3 in addition to the parallel paths P2. The
travel path generation section 54 generates the plurality
of connecting paths P3 that connect adjacent ones of the
parallel paths P2 to each other. The connecting paths P3
are paths used for changing a traveling direction of the
tractor 1 without performing a work.

[0108] As described above, the travel path generation
section 54 generates the plurality of parallel paths P2
and the plurality of connecting paths P3, so thatthe target
travel path P on which the tractor 1 performs a predeter-
mined work while traveling back and forth on the plurality
of parallel paths P2 can be generated. Therefore, even
when the user or the like does not perform the input work
for various types of information, such as the type, the
width, or the like of the work device 12, the target travel
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path P can be generated only by registering the point A
to the point C. Moreover, each of the point A to the point
C can be set to be a point corresponding to an actual
work by a manual operation by the user or the like, and
adesired target travel path P can be generated such that
the path length of each of the parallel paths P2, the in-
terval between adjacent ones of the parallel paths P2, or
the like are as intended by the user or the like.

[0109] In a case where automatic traveling is per-
formed, the operation section 204 for AUTO of the remote
controller 200 is operated in a state where various auto-
matic travelling start conditions are satisfied, and thus,
the in-vehicle electronic control unit 18 performs auto-
matic travel control in which the tractor 1 is caused to
automatically travel along the target travel path P. In the
automatic travel control then, the tractor 1 is caused to
linearly travel in an automatic manner along each of the
plurality of parallel paths P2 such that the in-vehicle elec-
tronic control unit 18 starts the work by the work device
12 at the start position P2a of the parallel path P2 and
terminates the work by the work device 12 at the end
position P2b of the parallel path P2 to stop traveling of
the tractor 1. When the operation section 204 for AUTO
of the remote controller 200 is operated after traveling of
the tractor 1 is stopped at the end position P2b of the
parallel path P2, the in-vehicle electronic control unit 18
causes the tractor 1 to automatically turn along each of
the plurality of connecting paths P3 without performing
the work by the work device 12.

[0110] Asdescribed above, in automatic travel control,
traveling of the tractor 1 is stopped at the end position
P2b of the parallel path P2, and therefore, unless the
operation section 204 for AUTO of the remote controller
200is notoperated again, automatic traveling on the con-
necting path P3 is not performed. Therefore, in a case
where there is a possibility that the tractor 1 approaches
an end of the work area R and jumps out of the work area
R, the user or the like does not perform an operation of
the operation section 204 for AUTO of the remote con-
troller 200, and thus, it is possible to prevent the tractor
1 from jumping out of the work area R. Thus, as illustrated
in FIG. 12, even when the target travel path P is also
generated outside the work area R, automatic traveling
can be performed without the tractor 1 jumping out of the
work area R.

[0111] As described above, the in-vehicle electronic
control unit 18 causes the tractor 1 to automatically travel
also on the connecting path P3, but the tractor 1 may be
manually operated on the connecting path P3 by a man-
ual operation by the user or the like. In this case, when
an automatic operation is switched to a manual operation
at the end position P2b of the parallel path P2, various
automatic traveling start conditions, such as a condition
in which the orientation of the tractor 1 in the traveling
direction and the orientation in the extension direction of
the parallel path P2 are in the predetermined range, or
the like, are satisfied, and a start of automatic traveling
is instructed, the manual operation is switched to an au-
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tomatic operation and the tractor 1 is caused to automat-
ically travel along the parallel path P2. In a case where
a manual operation is performed, the current position of
the tractor 1 and the parallel path P are superimposed
and displayed on the display section 51 of the mobile
communication terminal 3 or the display section of the
tractor 1, and thus, the tractor 1 that is to be manually
operated can be guided toward the parallel path P2.
[0112] Alsointhe second embodiment,in acase where
automatic traveling is performed, similar to the first em-
bodiment, in order to prevent the tractor 1 from jumping
out of the work area R, the user or the like is notified of
the approach state where the tractor 1 has come close
to an end of the work area R or the like. As illustrated in
FIG. 12, the notification position specification section 59
specifies the end position P2b on the parallel path P2 as
the notification position, based on the position informa-
tion of the point A and the point B. Since the notification
position specification section 59 specifies the notification
position, in automatic travel control in which the tractor
1is caused to automatically travel along the parallel path
P2, when the end notification control section 186 deter-
mines that the current position of the tractor 1 has
reached the notification position (for example, the end
position P2b), the notification device 26 is operated to
perform end notification and thus notifies the user or the
like of the approach state where the tractor 1 has come
close to an end of the work area R or the like. In this case,
the display portion 205 of the remote controller 200 can
also display that the tractor 1 is in the approach state.

[Third Embodiment]

[0113] Athird embodimentillustrates a case where the
shape of the work area R is different from that in the first
embodiment, and the shape of the work area R will be
mainly described, and a similar component to a corre-
sponding component of the first embodiment will be de-
noted by the same reference numeral as that of the cor-
responding component in the first embodiment, and
therefore, description thereof will be omitted.

[0114] In the first embodiment, as illustrated in FIG. 3
or the like, a case where the work area R has a rectan-
gular shape is illustrated, but in the third embodiment,
for example, as illustrated in FIG. 14, the shape of the
work area R is a trapezoidal shape whose parallel sides
face laterally such that a narrow one of the parallel sides
is in a left side in FIG. 14 and a wide one of the parallel
sides is in a right side in FIG. 14. In this case, the point
C can be registered in a side closer to an end R1 (upper
end portion in the FIG. 14) of the work area R than the
point B. Even when the point C is registered in the above-
described manner, the end R1 of the work area R is in-
clined upward as proceeding rightward, and therefore, a
distance between the end R1 of the work area R and the
point B opposing to each other and a distance between
the end R1 of the work area R and the point C opposing
to each other can be made the same.
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[0115] The travel path generation section 54 can grasp
the shape of the work area R from the work area infor-
mation acquired by the work area information acquisition
section 58 and generates, after grasping the shape of
the work area R, the target travel path P. At this time,
when the plurality of parallel paths P2 parallel to the first
reference line P1 are generated, the parallel paths P2
are generated such that the length of each of the parallel
paths P2 is larger by a set length 2K than that of an ad-
jacent one of the parallel paths P2 in a direction going
away from the first reference line P1. The set length 2K
for the parallel path P2 can be set based on, for example,
a distance K between the point B and the point C in a
direction extending along the first reference line P1, and
a distance twice larger than the distance K between the
point B and the point C in the direction extending along
the first reference line P1 can be set as the set length
(2K). For example, the first parallel path P2 adjacent to
the first reference line P1 is a path longer than the first
reference line P1 by the set length 2K, and the next sec-
ond parallel path P2 is longer than the first reference line
P1 by a length twice the set length (4K). By generating
the parallel paths P2 in the above-described manner, a
straight line connecting one ends (upper ends in FIG. 14)
of the parallel paths P2 is parallel to the end R1 of the
inclined work area R, and a straight line connecting the
other ends (lower ends in FIG. 14) of the parallel paths
P2 is parallel to an end R2 of the inclined work area R.
Therefore, it is possible to generate the parallel paths P2
in accordance with the shape of the work area R.

[0116] Moreover, as illustrated in FIG. 15, the shape
of the work area R may be a U-shape having a wide area
R3 and a pair of narrow areas R4 and R5 and facing
laterally. In this case, when the travel path generation
section 54 generates the target travel path P, the travel
path generation section 54 provisionally generates a plu-
rality of the target travel paths P as candidates, and the
user or the like can select which target travel path among
the target travel paths P is to be generated. For example,
as illustrated in FIG. 15, afirst candidate is a target travel
path P indicated by a solid line, a second candidate is a
target travel path P indicated by a solid line and a dotted
line, and a third candidate is a target travel path P indi-
cated by a solid line and an alternate long and short dash
line, and as illustrated in FIG. 16, a fourth candidate is a
target travel path P indicated by a solid line. As indicated
by the solid line in FIG. 15, the first candidate is the target
travel path P provisionally generated only in the wide
area R3 of the work area R. As illustrated by the solid
line and the dotted line in FIG. 15, the second candidate
is the target travel path P provisionally generated only in
the wide area R3 and the narrow area R4 on one side
(upper side) of the work area R. In the narrow area R4,
a parallel path P7 having a length that is shorter than that
of the parallel path P2 in the wide area R3 and corre-
sponds to a width (up-down width in FIG. 15 and FIG.
16) of the narrow area R4 is generated. As illustrated by
the solid line and the alternate long and short dash line
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in FIG. 15, the third candidate is the target travel path P
provisionally generated only in the wide area R3 and the
narrow area R5 on the other side in the work area R. In
the narrow area R5, a parallel path P8 having a length
thatis shorter than that of the parallel path P2 in the wide
area R3 and corresponds to a width (up-down width in
FIG. 15 and FIG. 16) of the narrow area R5 is generated.
As illustrated by the solid line in FIG. 16, the fourth can-
didate is the target travel path P provisionally generated
over the entire work area R including the wide area R3
and the pair of narrow areas R4 and R5. In this fourth
candidate, a connecting path P9 connecting the narrow
area R4 on the upper side and the narrow area R5 on
the lower side is generated.

[0117] In acase where the user or the like selects one
target travel path P from the plurality of candidates, for
example, the display section 51 of the mobile communi-
cation terminal 3 can display the target travel paths P of
the first to fourth candidates such that the target travel
paths P of the first to fourth candidates can be identified,
and one target travel path P can be selected by the user
or the like by operating the display section 51. When one
target travel path P is selected by the user or the like, the
travel path generation section 54 generates the selected
targettravel path P as a path on which automatic traveling
is performed.

[Other Embodiments]

[0118] Otherembodiments of the presentinvention will
be described.
[0119] Note that a configuration of each embodiment

described below can be applied not only independently
but also in combination with a configuration of another
embodiment.

[0120] (1) Various changes can be made to the con-
figuration of the work vehicle.

[0121] For example, the work vehicle may be config-
ured to have a hybrid specification including an engine
9 and an electric motor for traveling, and may be config-
ured to have an electric specification including an electric
motor for traveling, instead of the engine 9.

[0122] For example, the work vehicle may be config-
ured to have a semi-crawler specification including left
andright crawlers, instead of the left and right rear wheels
6, as a traveling unit.

[0123] For example, the work vehicle may be config-
ured to have a rear wheel steering specification in which
the left and right rear wheels 6 function as steering
wheels.

[0124] (2) In the first embodiment, the travel path gen-
eration section 54, the reference point setting section 56,
the work area information acquisition section 58, the no-
tification position specification section 59, and the like
are provided in the mobile communication terminal 3, but
the travel path

[0125] generation section 54, the reference point set-
ting section 56, the work area information acquisition sec-
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tion 58, the natification position specification section 59,
and the like can be provided in the tractor 1 and can be
provided in an external management device, and ar-
rangement locations thereof can be changed as appro-
priate.

INDUSTRIAL APPLICABILITY

[0126] The present invention is applicable to various
path generation systems that generate a target travel
path on which a work vehicle is caused to automatically
travel.

DESCRIPTION OF REFERENCE NUMERALS

[0127] 1 Tractor (work vehicle)

54 Travel path generation section

56 Reference point setting section

58 Work area information acquisition section
59 Notification position specification section
186 End notification control section

P Target travel path

P1 First reference line

P2 Parallel path

P4 Second reference line

P5 Additional path

P6 Additional path

R Work area

Claims
1. A path generation system comprising:

a travel path generation section that generates
a target travel path on which a work vehicle is
caused to automatically travel; and

a reference point setting section that sets a first
reference point and a second reference point
used for generating a first reference line and a
third reference point used for setting intervals,
based on position information of the work vehicle
when the work vehicle is caused to travel,
wherein

the travel path generation section generates, as
the target travel path, a path including a plurality
of parallel paths parallel to the firstreference line
based on thefirstreference pointand the second
reference point and sets aninterval between the
first reference line and one of the parallel paths
and an interval between the parallel paths,
based on a distance between the second refer-
ence point and the third reference point.

2. The path generation system of claim 1, wherein
the reference point setting section sets, based on an
operation of an operation tool provided in the work
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vehicle, the first reference point, the second refer-
ence point, and the third reference point.

3. The path generation system of claim 1, wherein
the reference point setting section sets, based on a
behavior state of the work vehicle, the first reference
point, the second reference point, and the third ref-
erence point.

4. The path generation system of any one of claims 1
to 3, further comprising:

a work area information acquisition section that
acquires work area information related to a work
area to which the first reference point, the sec-
ond reference point, and the third reference
point belong,

wherein

the travel path generation section generates the
target travel path in a work area specified by the
work area information acquired by the work area
information acquisition section.

5. The path generation system of claim 4, further com-
prising:

a notification position specification section that
specifies, based on the first reference point, the
second reference point, and the work area in-
formation, a notification position where end no-
tification of notifying that the work vehicle is in
an approach state with respect to an end of the
work area is performed; and

an end notification control section that, in a case
where the work vehicle automatically travels,
when a current position of the work vehicle
reaches the notification position, performs the
end notification.

6. The path generation system of any one of claims 1
to 5, wherein

the reference point setting section is capable of
setting a fourth reference point used for gener-
ating a second reference line different from the
first reference line, based on the position infor-
mation of the work vehicle when the work vehicle
is caused to travel, and

the travel path generation section selects one
of the first reference line and the second refer-
ence line when a predetermined condition is sat-
isfied, and generates, as the target travel path,
a path including an additional path parallel to the
one of the first reference line and the second
reference line selected based on a current po-
sition of the work vehicle.
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7
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FIG. 8
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FIG. 9
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FIG. 12
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FIG. 14
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